The study is part of hydromycological investigations of man-affected water bodies in Olsztyn. Our results show that yeast-like fungi are permanent components in three selected lakes (lakes Tursko, Długie and Skanda). Their abundance and species composition depend on the trophic state of each lake.
INTRODUCTION
Long-term mycological monitoring studies conducted in a variety of water ecosystems have shown that microfungi are a permanent component of microbiota in inland waters whereas each increase in the abundance is mostly related to growing anthropopressure and progressive eutrophication processes (Dynowska 1995; Dynowska et al. 2001; Biedunkiewicz 2007; Biedunkiewicz et al. 2007; Biedunkiewicz, Baranowska 2011) . While a vast majority of lakes in north-east Poland, including lakes in Olsztyn, are eutrophic, the trophic state of some lakes is relatively low or periodically variable.
Although Olsztyn has as many as 11 lakes mycological characteristics of only a few have examined. The aim of this study was to determine the taxonomic diversity of fungi in three lakes in Olsztyn (Tyrsko ✭ , Długie and Skanda ✭ ) which differ by morphometry, natural resistance to degradation, eutrophication level and natural values.
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Vol. 48 (1): 61-71 2013 61-71 DOI: 10.5586/am.2013 development of the shoreline. The southern pool lies in a strongly urbanized part, the central pool borders on buildings to the west and is forested on the eastern side, and the northern part is fully surrounded by the forest. Lake Długie is a hydrologically closed reservoir. It is supplied by run-offs from a small basin and run-off waste water from a residential estate. As the sanitary condition of the lake was poor and a complete oxygen deficiency was reported, an attempt was made to recultivate the lake by flushing in 1983. An artificial connection between lakes Ukiel and Czarne by an open ditch was made and lakes Czarne and Długie were connected (by an underground collector). This did not improve water quality and recultivation by aeration with destratification began in 1987. Aeration was carried out in two stages: the first covered the period from 1987 until 1990 and the second from 1991 until 2000. Artificial, long-term aeration of the lake considerably improved environmental conditions but water quality was still outside water quality categories after aerators had been switched off. Phosphorus precipitation from water and phosphorus inactivation in bottom sediments were used in [2001] [2002] [2003] . The treatment was conducted three times and water purity class II was recorded (Lossow et al. 2005 ). At present a moderately eutrophic state is recorded in the lake (Tab. 1).
Lake Skanda lies in the south-eastern part of Olsztyn by the Olsztyn-Szczytno trunk road in the Łyna-Pregoła river basin. The lake is relatively shallow (Tab. 1) and its shoreline is quite well developed with a few bays and an island in the western part. The shores are surrounded by the forest lying on a high hill on the western and southern side. A former waste disposal site for Olsztyn is situated on the other side of the lake. The lake's catchment is agricultural and forested, partly urbanized, with several residential buildings that are not connected to the municipal waste system. A guarded bathing beach and a sandy unsupervised beach lie on the western shore of the lake. An inflow of contaminants has degraded waters to purity class III and organic compounds, mostly biogenic, must occur permanently in the lake as the level of eutrophication is high. Astatic reservoirs located in the vicinity play an important role of a buffer and a filter that retain the majority of contaminants (Dynowska et al. 2005 ). 
MATERIAL AND METHODS
Investigations were conducted in 2011 every month from early spring (04/05) until late autumn (09/10). Yeast-like fungi sampled from the littoral zone of the lakes were analyzed. The number of study sites correlated with the size of each water body: Tyrsko -4 sites, Długie -6 sites and Skanda -10 sites. The sites were distributed around the lakes. Samples (250 ml) were collected into sterilized bottles using an extension arm from a depth of up to 30 cm, 4.5 m away from the shore. The membrane filter method was used to isolate and determine the number of fungal colonies. 100 ml of water was passed through a Millipore membrane filter, 0.45 μm pore size, using a PL 2/2 vacuum pump (0.095 MPa). The pressure did not exceed 0.2 bar. The filter was placed in a beaker with 20 ml of 0.9% sterile NaCl and centrifuged for 0.5 h (Biedunkiewicz 2007). The solution (1 ml) was collected from each beaker with a sterile pipette and placed on a Petri dish with solid Sabouraud medium containing 0.5 g of chloramphenicol. The solution was spread on the dish with a sterile "hockey stick". The filter from each beaker was placed on Sabouraud medium to isolate yeast-like fungi retained in the filter mesh. Inoculations were incubated for 48-72 h at 37 Fungi were determined using keys by Lodder, Kreger-van Rij (1967) , Kurtzman, Fell (2000) and Kurtzman et al. (2011) . Photographic documentation was made. Strains of fungi were catalogued and deposited in the collection of the Department of Mycology, Faculty of Biology and Biotechnology, University of Warmia and Mazury in Olsztyn.
RESULTS
A total of 120 samples were collected from 20 sites in the period between late April/ early May and late September/late October 2011. Altogether 124 isolates of yeastlike fungi were obtained. Eighty four species of fungi belonging to 39 genera were identified. Seventy two isolates belonging to 49 genera were recorded in lake Tyrsko, 39 isolates of 40 genera were recorded in lake Długie, and 34 isolates of 28 genera were recorded in lake Skanda. Fungi of the genus Candida were the most frequently recorded species (16 species). Fungi of the genera Kazachstania and Kluyveromyces (five species each) and Wickerhamomyces (three species) were recorded less frequently (Tab. 2).
Among all species of yeast-like fungi, five were classified as potential pathogens, 52 are saptrophs and 27 are fungi that are saptrotrophs or pathogens depending on the biocoenotic system and bioecological conditions. A few species take part in selfpurification processes or are pollution indicators.
The greatest number of fungi were recorded in spring in a low trophic state lake (32 species), slightly fewer in summer in low and moderate trophic state lakes (28 species in each) and the smallest number in spring in a highly eutrophized lake (only nine species). The species diversity in autumn was similar across the three lakes. A detailed analysis of the species richness in the waters of the three lakes shows that the greatest diversity is observed in lake Tyrsko and the smallest in the eutrophized lake Skanda (Tab. 1).
Fungi of the genus Candida (seven species from each lake) were isolated from all the lakes. Fungi of the genus Kluyveromyces (5 species) were often recorded in lake Tyrsko.
Fungi of 13 genera were recorded from spring to autumn regardless of the trophic state (Fig. 2) 
DISCUSSION
Our investigations confirm that yeast-like fungi tend to occur permanently in lakes. More species of fungi were identified in our study than in previous years (Dynowska 1995) . This may be caused by different, more accurate isolation techniques, a greater number of samples and higher sampling frequency. Twenty two species of fungi were isolated from lake Skanda in a study conducted in the 1990s (Dynowska 1995) while 28 species were recorded in our study. Eleven species isolated by Dynowska (1995) in lake Skanda were also recorded in our study. These are potential pathogens (e.g., Candida albicans, Candida tropicalis, Meyerozyma guilliermondii, Saccharomycopsis capsularis or Magnusiomyces capitatus (formerly Trichosporon cutaneum)) whose occurrence in the water of a highly eutrophized lake is fully justified. Similar investigations were also conducted in lake Głębokie in Szczecin. It is a highly eutrophized lake and its parameters are similar to those of lake Skanda. Six of the eight species recorded in lake Głębokie ) were recorded in the lakes in Olsztyn (Candida melibiosica, C. tropicalis, Pichia farinosa, P. polymorpha, Saccharomycodes ludwigii i Saccharomycopisis capsularis). Candida albicans, Debaryomyces hanseni, Lindnera jadinii (formerly Pichia jadinii), Meyerozyma guilliermondii and Pichia membranifaciens were noted in the three lakes. These species are potential pathogens with broad-spectrum pathogenicity. Candida albicans has been treated as a pollution indicator in a variety of waters in the USA and Canada since the 1970s and it occurs when fresh municipal waste has been delivered (ASTM 2005) . It is an opportunistic fungus which has a high pathogenic potential and quickly adapts to changing environmental conditions (Dynowska 1995) .
It is disconcerting that potentially pathogenic species such as Candida albicans, Candida utilis (anamorphic stage of Lindnera jadinii) or Candida guilliermondii (anamorphic stage of Meyerozyma guilliermondii) occur in the lakes regardless of their trophic state. Water bodies containing these species can be a source of fungal infections, especially if bathing sites for use in summer are set up along the shores.
An inversely proportional correlation was observed between the eutrophication level and the number of fungal species. Only 28 species of fungi were recorded in a highly eutrophized lake, 40 in a weakly trophic lake and as many as 49 species in a low-trophic-state lake. This is consistent with the rule of increased species abundance and decreased species diversity dependent on the trophic state. While investigations were conducted over only one study season, a growth trend in the abundance of cells of microfungi corresponding with the eutrophication level, progressing from spring to autumn, was observed. The number of cells of microfungi isolated in our study was the highest in spring and the smallest in autumn only in the hydrologically closed lake Tyrsko, which is surrounded by a coniferous forest and has a very high maximum depth. A similar trend was observed in studies by Biedunkiewicz and Baranowska (2011) conducted five years ago.
Our investigations confirmed that both the species composition and the abundance of fungi in surface waters are correlated with a direct supply of biogens and resulting eutrophication. Similar observations were reported in a study conducted in a microphytic treatment plant in Nowa Słupia (Biedunkiewicz, Ozimek 2009 ) where the number of fungal cells recorded at the first stage of investigations (settlement tank, aeration chamber and reed beds) was similar to that noted in the highly eutrophic lake Skanda. A similar species composition of microfungi was also observed. Candida albicans, Candida guilliermondii, Candida glabrata, Candida tropicalis or Saccharomyces cerevisiae are some of the species noted in both the treatment plant and the lake.
Accelerated and progressing water eutorphication is mostly caused by an increased content of phosphorus derived from municipal and storm waste and of nitrogen derived chiefly from soil leaching. Phosphorus and, to a lesser extent, nitrogen contribute to the development of phytoplankton and littoral vascular vegetation. This leads to algal blooms and increased water transparency and, consequently, to oxygen deficits. As fungi are absolute anaerobes, oxygen deficiency does not limit their presence and may only partly limit multiplication of species already living in the water. If the diversity of organic matter increases, this may lead even to the occurrence of new species, very often expansive. Our results confirm this and show that the sanitary and epidemiological condition of water in selected lakes in Olsztyn is very bad.
CONCLUSIONS
As a permanent component of surface waters, yeast-like fungi can colonize waters of varying trophic states. They quickly adapt to dynamic conditions of the water environment which may be considered to be their natural reservoir.
